Abstract While there have been attempts to explore the association of obesity and risky sexual behaviors among gay men, findings have been conflicting. Using a prospective cohort of gay and bisexual men residing in Pittsburgh, we performed a semi-parametric, group-based analysis to identify distinct groups of trajectories in body mass index slopes over time from 1999 to 2007 and then correlated these trajectories with a number of psychosocial and behavioral factors, including sexual behaviors. We found many men were either overweight (41.2%) or obese (10.9%) in 1999 and remained stable at these levels over time, in contrast to recent increasing trends in the general population. Correlates of obesity in our study replicated findings from the general population. However, we found no significant association between obesity and sexual risk-taking behaviors, as suggested from several cross-sectional studies of gay men. While there was not a significant association between obesity and sexual risk-taking behaviors, we found high prevalence of overweight and obesity in this population. Gay and bisexual men's health researchers and practitioners need to look beyond HIV and STI prevention and also address a broader range of health concerns important to this population.
Introduction
The National Health and Nutrition Examination Survey (NHANES) reported that the United States is in the midst of an obesity epidemic, spanning across age, gender, racial and ethnic groups, and geographic regions (Flegal, Carroll, Ogden, & Johnson, 2002; Ogden et al., 2006) . Among men, the trend towards obesity significantly increased between 1999 and 2006. The rapid increase in the prevalence of obesity in the general U.S. population suggests that psychosocial and behavioral factors may have key roles in the development and/or sustaining of these rates (Stice, Presnell, Shaw, & Rohde, 2005; Vaidya, 2006) . Factors such as race/ethnicity, income, education, social support, and depression have also been linked to obesity. However, there is little information to elucidate whether similar phenomena also exist among gay and bisexual men.
The few studies that have been conducted among overweight andobesegay mentendtofocusonsexualbehaviorsorbodyimage alone, and these studies are often limited to cross-sectional designs with conflicting findings (Allensworth-Davies, Welles, Hellerstedt, & Ross, 2008; Kraft, Robinson, Nordstrom, Bockting, & Rosser, 2006; Moskowitz & Seal, 2010) . Kraft et al. found that obesity was associated with safer sex, after adjusting for body image and age. Non-obese men, in particular, were more likely to engage in sexual activities in the past 3 months. Similarly, Allensworth-Davies et al. found that overweight and obese men engaged in less unprotected anal intercourse. However, Moskowitz and Seal found that increased body mass index (BMI) was associated with decreased condom use. Therefore, it is unclear whether there is a relationship between higher BMI and sexual risk-taking behaviors. Moreover, there is little information whether higher BMI is associated with other psychosocial factors among gay and bisexual men. In this article, we examined the trends of BMI over time, and then evaluated whether these trends were associated with psychosocial and behavioral factors among a prospective cohort of healthy weight, overweight, and obese gay and bisexual men.
Method

Participants
We analyzed longitudinal data (n = 379) from 1999 to 2007 in the Pitt Men's Study (PMS), an on-going cohort that examines the epidemiology of HIV infection and progression among gay and bisexual men (defined as having had oral or anal sex with another male in the past 7 years) residing in Pittsburgh, Pennsylvania. PMS is one of four sites of the Multicenter AIDS Cohort Study (MACS). Enrollment of participants into the cohort occurred three times : 1984-1985, 1987-1991, and 2001-2003 . The inclusion criteria, recruitment, and sampling strategies are described in greater detail elsewhere (Silvestre et al., 1986 (Silvestre et al., , 2006 . Briefly, participants were recruited using community organizing principles and social marketing campaigns that actively engaged the gay and bisexual community itself and that focused on building trust, particularly with racial and ethnic minority gay and bisexual men. A community advisory board was created and involved community members in all aspects of study design, planning, and dissemination of findings. Since 1984, participants in the study have been followed every 6 months with a detailed questionnaire-based interview, physical examination, and medical history review. The retention rate for the time period being analyzed for this article was 75%.
To mirror the time period investigated in NHANES, we used data from October 1999 to March 2007. Individuals were excluded from our analysis if they: (1) had missing data on height and weight across all visits, (2) contributed only one data point or (3) were HIV positive at any point during the time period that was analyzed. HIV-positive individuals were excluded from our analysis because we did not want the effect of HIV medications, disease progression or higher prevalence of recreational drug use, including methamphetamine use, to confound our findings (Brown et al., 2007; Plankey et al., 2007) . A total of 379 participants met the eligibility criteria and were included in the analysis.
Measures
BMI scores were calculated (weight in pounds 9 703)/(height in inches 2 ) and grouped into CDC categories of underweight (\18.5), healthy weight (18.5-24.9), overweight (25.0-29.9), and obese ([29.9) . (We used the term''healthy weight''in place of''normal weight''because it may seem offensive to imply that other categories are abnormal.) To test the internal validity of BMI (e.g., men with above average muscle mass and below average fat levels having higher BMI), we ran a similar analysis using waist circumference and found no differences in the trajectories over time.
Sexual activities and sexual partners were assessed by asking if participants had''any sort of sexual activity with a man,''followed by a question about the number of oral and anal sex partners as well as sexual activities with partners that did not involve sexual intercourse in the past 6 months.
Quality of life-related constructs were assessed using the modified Medical Outcomes Study Short-Form Health Survey (SF-36) (Ware & Sherbourne, 1992) , which have previously been evaluated for reliability and validity in the MACS (Bing et al., 2000) . The raw scores for the items of each subscale were summed and transformed linearly to a range of 0-100, with higher values for better functioning and well being.
Participants were asked if they were currently using the following substances in the previous 6 months: poppers or nitrite inhalants, crack cocaine, other forms of cocaine, and methamphetamines (''crystals,''''speed,''''ice''). We grouped crack cocaine, other forms of cocaine and methamphetamine, into ''stimulants'' for this article. Frequent use of substances was defined as weekly use or more. Participants were considered currently smoking if they reported 'yes' to the question:''smoke cigarettes now? (as of 1 month ago).'' Binge drinking was defined as five or more drinks per occasion occurring at least monthly.
Depressive symptoms were assessed by the 20-item CES-D, which was directly adapted from the instrument developed by Raldoff (1977) . The frequency of each psychological symptom in the previous week was assigned a value: 0 =''rarely or none of the time (\1 day per week),'' 1 =''some or little of the time (1-2 day per week),''2 =''occasionally or moderate amount of the time (3-4 days per week),'' or 3 =''most or all of the time (5-7 days per week).''A threshold of 16 or more has been shown to be indicative of significant depressive symptoms and predictive of HIV morbidity and mortality among participants in the MACS (Farinpour et al., 2003) . A threshold of 22 has been used to approximate ''major depression'' in a previous study of depression among urban gay and bisexual men (Mills et al., 2004) .
Statistical Analyses
After testing for variability of the intercepts and slopes of individual BMI trajectories across time using a random effects model (Raudenbush & Bryk, 2002) , a semi-parametric, groupbased approach (Nagin, 1999 ) was used to model the individual trajectories of BMI across time. The random effects and groupbased models were analyzed using proc mixed and proc traj, respectively (Nagin, 2005) , in SAS version 9.2 (SAS Inst. Inc., Cary, NC). Group-based model evaluation and selection criteria were based on recommendations by Nagin (2005) . A censored normal model was used to accommodate the possibility of clustering within the scale of 0-30. The optimal number of trajectory groups was selected based on Nagin's criteria: (1) substantive theory, (2) Bayesian information criteria, (3) average posterior probabilities (AvePP), and (4) group size. After the optimum number of trajectories was selected, the trend of each trajectory (linear, quadratic, cubic function of age) was determined. Chisquare and analysis of variance (ANOVA) were used to test group differences in participants' characteristics at the most recent visit (Table 1) . Multivariate logistic regression was used to evaluate the relationships between obesity and risky sexual behaviors, adjusting for age and race at baseline (Table 2) . These variables have been found to be correlates of obesity in previous studies (Flegal et al., 2002; Ogden et al., 2006) . The data analysis performed for this paper was determined a nonhuman subjects research activity by the University of Pittsburgh Institutional Review Board. 
Results
The analysis produced three distinct trajectories from 1999 to 2007 ( Fig. 1) :''healthy weight group''(n = 182, median BMI of 23.5),''overweight group''(n = 155, median BMI of 28.6), and ''obese group''(n = 42, median BMI of 36.9). The probabilities of being in the healthy weight, overweight, and obese groups across the visits were 47.9% (average posterior probability of group membership (AvePP) = 0.969), 43.5% (AvePP = 0.966), and 9.4% (AvePP = 0.980), respectively. The trajectories were also generally stable across the eight-year period with no significant linear increasing or decreasing trends among the healthy weight and obese groups (p = .09 and p = .88, respectively). However, the overweight group seems to be increasing over the time period, though only at borderline significance (p = .06). Table 1 shows significant demographic correlates of overweight or obesity that included being non-White and being older (p = .04 and p\.001, respectively). Mean SF-36 scores were significantly different across groups, with obese men reporting worse quality of life outcomes. There were no significant differences in substance abuse, depression based on CES-D scores or risky sexual behaviors across the three groups. About 40% of the obese men reported no sexual partners in the past month. Adjusting for age and race, consistent condom use or having a higher number of sexual partners were not correlates of obesity (Table 2) .
Discussion
To our knowledge, this is the first longitudinal analysis of weight status of HIV-negative gay and bisexual men in the United States. Consistent with national data of the general population, we found that these men had a high prevalence of being either overweight or obese. Specifically, over 50% were either overweight or obese. However, contrary to the increasing trends in the national data over this same time period (Ogden et al., 2006) , these men sustained their weight levels. With respect to correlates, we found no significant differences in HIV risk behaviors, depression or substance use variables by weight status.
This study has some limitations that should be noted. First, while the PMS has a relatively diverse group of men (i.e., the proportion of non-white gay and bisexual men in the sample exceeds that of the population of southwestern Pennsylvania), the generalizablility of these findings to all southwestern Pennsylvania gay and bisexual men is limited. Second, low numbers in the obese category may limit the power to detect actual differences between groups. However, we do not feel that the recruitment methods in the PMS undersampled obese men since recruitment did not merely focus on entertainment venues (e.g., gay bars). Still, probability sampling would have been the best method to recruit participants. Hence, including sexual identity, sexual orientation, and same-sex sexual behavioral markers in national longitudinal studies is needed.
As gay men age, chronic illnesses, like heart disease, diabetes, and stroke, may become equally as important as HIV/AIDS for morbidity and mortality burdens. The gay community, along with numerous community-based organizations, do not seem to emphasize obesity prevention (Gay Men's Health Crisis, 2011) . In our analysis, we found that a significant number of gay and bisexual men were, in fact, overweight or obese, suggesting a need for obesity-related public health interventions to include gay and bisexual men. Additionally, our findings did not replicate earlier cross-sectional findings that obese gay men engage in more risky sexual activities (Moskowitz & Seal, 2010) . To move the field forward, research on obesity among gay and bisexual men should extend beyond HIV concerns and expand to chronic conditions and their risk (e.g., binge eating, sedentary life style) and protective factors that are likely to become increasingly important predictors of health as men age. The Surgeon General, the American Public Health Association, and the American Medical Association have all called for more research and greater attention to the health needs of LGBT people based on several convenience studies related to drug and alcohol use, mental health issues, violence, smoking, and other health issues. This study suggests that excess weight is also an area needing attention, at least as it affects some segment of the gay and bisexual male community. Our data suggest that major longitudinal studies should be carried out to provide data not available in cross-sectional studies. It also suggests that research on weight loss interventions need to be carried out to ascertain whether they are effective for LGBT people or whether interventions need to be adapted or new ones developed. Since many interventions involve participation in groups of peers and/or require disclosing information about one's family life or lifestyles, these interventions may not be useful for LGBT people who feel a need to maintain privacy about their sexual orientation. As with smoking, factors related to weight gain might be different for LGBT people and need to be understood if interventions are to work. Finally, new interventions may be useful, for example, an intervention could be developed with input and support from and focused on gay male social groups that have already been organized for overweight men (e.g., Bears).
